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Got data?

• Doubling each year in the physical, 
Earth, and life sciences*

• Sloan Digital Sky Survey, GDB Human 
Genome Database, Global Biodiversity Information Facility, ...

• Earth sciences
–Dozens of terabytes per day (NASA, NOAA)
– 2002–2017 NOAA’s data holdings

expected to grow by a factor of 100
to 74 petabytes**

3
* 2020 Computing: Science in an exponential world. Szalay and Gray. Nature (2006)
** NOAA The Nation's Environmental Data: Treasures at Risk (2001)



But, are we exploiting the data as well?

• Sharing data effectively?
• Discovering data easily?
• Easily assimilating and integrating data?

• Taking action to facilitate all of the above?
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Interoperability

• Standards efforts
– International Organization for Standardization (ISO)
–Open Geospatial Consortium (OGC)
–  World Wide Web Consortium (W3C)

• But there still remains a gap for the effective 
exploitation of data: semantic heterogeneity
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Semantic Web 
Linked data*

• Make the content on the web interconnected in a 
meaningful way for both humans and machines

• Key technologies:
–RDF and Ontologies

• Formalized resource descriptions and knowledge representation

–URI
• Uniform identification of resources

–HTTP
• Hypertext Transfer Protocol

6* Tim Berners-Lee. “Linked Data.” http://www.w3.org/DesignIssues/LinkedData.html (2006)

http://www.w3.org/DesignIssues/LinkedData.html
http://www.w3.org/DesignIssues/LinkedData.html


Ontologies
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AquaticPhenomenaEvent

Hurricane Tsunami HABKatrina
instanceOf

subClassOf subClassOf subClassOf

• “Hurricanes,” “Tsunamis,” and “Harmful algal blooms” are 
“aquatic phenomena events”

• “Katrina” is a particular “Hurricane” event



Ontologies

• However, different communities may use different 
terminologies
– Eg., use the term “red tide” instead of “harmful algal 

bloom” to designate the same phenomenon
• Need mechanisms to link terms across multiple 

vocabularies with a variety of possible relationships
7

AquaticPhenomenaEvent

Hurricane Tsunami HABKatrina
instanceOf

subClassOf subClassOf subClassOf

• “Hurricanes,” “Tsunamis,” and “Harmful algal blooms” are 
“aquatic phenomena events”

• “Katrina” is a particular “Hurricane” event



8

MMI Ontology Registry and Repository
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• Registry
–MMI ORR is a catalog of (pointers to) ontologies 

and associated metadata

MMI Ontology Registry and Repository
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• Registry
–MMI ORR is a catalog of (pointers to) ontologies 

and associated metadata

• Repository
–MMI ORR contains the registered ontologies

• But wait, there’s more ...

MMI Ontology Registry and Repository
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MMI Ontology Registry and Repository
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• Controlled vocabulary creation
• Registration/storage of vocabularies
• Metadata association
• Versioning

Some key requirements
• Semantic query support 

• Term mapping

• Mapping repository

• Vocabulary and term URI resolution

– Easy-to-use tools for creation of vocabularies and mappings

– Semantic mediation services to diverse data portals and tools

MMI Ontology Registry and Repository
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MMI ORR Portal



Vocabulary Editor (Voc2RDF)
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Metadata

Contents



Term Mapping Editor (VINE)
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Search
• SPARQL: Query Language for RDF
• Output formats: RDF/XML, N3, JSON, CSV
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Open Geospatial Consortium
Sensor Web Enablement (OGC SWE)

• “Sensor Web”
discover, access, command sensors of all types

• SensorML
– to describe sensors and sensor platforms

• O&M
– to encode observations and measurements

• SOS: Sensor Observation Service
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Sensor Observation Service
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Enhancing SOS with Semantics
Linked (meta)data

• Example with a SOS observation offering
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OGC Ocean Science
Interoperability Experiment (OSIE)

Initiative to advance standards 
for interoperability of ocean 
observing systems 



OGC Ocean Science Interoperability 
Experiment (OSIE)

• Use case: Find sensors/systems/data given:
• sensor/measurement types, region of interest, time period, ...
• free text or keywords

– Include results for related terms (broader, narrower)

• Categorization of sensors and observations
– supports the discovery functionality 
– based on ontologies
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The Overall Process

• Portal
– Creates/uses ontology representing the portal categories

• Data providers
– Create/uses ontologies for the concepts used in their services
– Create/uses ontology with mappings between service 

provider’s terms and portal categories

• Portal and clients in general
– Query the MMI ORR
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• MMI ORR allows data providers and users to include, 
use, and exploit semantic information in real world 
applications

• OGC Sensor Web Enablement services can be 
enriched with semantic references that are resolvable 
against the MMI ORR

• Marine science data interoperability can be realized 
with semantic web technologies

Conclusions
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• End-to-end semantic solutions for the Marine and 
Earth science communities

• Semantically enabled tools
• Device and observations ontologies

• MMI ORR
–Collaborative features
–Enhance mappings support
– Integration with external ontology tools

Ongoing and future work



• http://mmisw.org/orr – MMI ORR

• http://marinemetadata.org – Marine Metadata Interoperability Project

Carlos Rueda – carueda@mbari.org
Luis Bermudez – bermudez@sura.org
Janet Fredericks – jfredericks@whoi.edu
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Thank you!

http://mmisw.org/or
http://mmisw.org/or
http://marinemetadata.org
http://marinemetadata.org
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Registration Options

• Fully hosted
– mmisw.org-based URIs
– Direct resolution of URIs
– Versioning

• Re-hosted
– Original namespace preserved
– Indirect resolution of URIs

• Indexed
– Ontology just incorporated in knowledge base


